Abstract. We explore the stellar halo of the Milky Way to search for fossil signatures of past mergers. We use the Beers et al. (2000) catalog of non-kinematically selected metal poor stars in the solar neighborhood to select subsets of halo stars within 1-2 kpc of the Sun. Motivated by the results of high resolution CDM simulations, we look for substructure in the kinematics of the fastest stars. When a two-point velocity correlation function is applied to these subsets, statistical evidence of substructure is found. This appears to be due to a small moving group with dynamical properties similar to the stellar "stream" previously discovered by Helmi et al. (1999) .
Introduction
Observations of metal-poor stars have often been used to discriminate between alternative galaxy formation and evolution scenarios (e.g. Eggen, Lynden-Bell & Sandage 1962; Searle & Zinn 1978) . In a CDM Universe, the first objects to form are small systems which then merge and give rise to the larger scale structures we observe today. This theory predicts the presence of substructures due to the mergers and accretion that galaxies may have experienced over their lifetime.
Several examples of mergers and galaxy interactions have been observed in the Milky Way, such as the disrupted Sagittarius and Canis Major dwarf galaxies (e.g. Ibata, Gilmore & Irwin 1995; Martin et al. 2004) , the phase-space stream of halo stars in the solar neighborhood (Helmi et al. 1999) , the tidal tails from halo globular clusters and dwarf spheroidal galaxies (Odenkirchen et al. 2001 ).
Evidence of substructures in the Solar neighborhood
The analysis of a high resolution simulation of the formation of a dark matter halo by Helmi et al. (2002) has shown that dark matter particles are smoothly distributed in space in the equivalent of Solar neighborhood. While their kinematics can be represented by a smooth multivariate Gaussian distribution, the motions of the most energetic particles are strongly clumped and anisotropic.
Motivated by this result, we turned to the extensive catalog of metal-poor stars, selected without any kinematic biases, compiled by Beers et al. (2000) . This sample provides proper motions, radial velocities, and distance estimates for 1258 stars with a wide range of metal abundances. We identified a set of halo stars defined as those having metal abundances [Fe/H] −1.5 dex, while we excluded those with typical disk kinematics (coplanar and circular orbits, L ∼ L z , V φ ∼ 220 km s −1 , |z| 1.5 kpc). Our "clean" halo sample contains 186 and 392 stars within 1 and 2 kpc of the Sun, respectively, and includes subdwarfs, giants, and variable stars (Re Fiorentin et al., in preparation) . The velocity distribution of the subset of halo stars within 1 kpc is relatively smooth, however this seems no longer to be the case when we focus on the fastest objects, as shown in Fig. 1 . The kinematics of the 5% fastest moving stars (gray dots) seem more clumped and anisotropic.
More evidence of substructure in the motions of nearby halo stars
We quantify the deviations from a smooth Gaussian distribution due to kinematic substructures by computing the two-point velocity correlation function, defined as
where DD is the number of pairs of stars in our data with velocity difference in a given bin, and RR is defined analogously for the same number of random points drawn from a multivariate Gaussian distribution convolved with expected observational errors, and averaged over 100 realizations. ξ(v) measures the excess of pairs of stars moving with given velocity difference, above that expected from a random sample. ξ(α) measures the excess of pairs of stars moving in the same given direction range, above that expected from a random sample. Clumping due to kinematic substructures (i.e. groups of stars moving with similar velocities and directions) appears as an excess at small velocity difference (see Fig. 2 ). This signal, clearly much stronger for the subset of 5% fastest objects, is due to a moving group formed by 3 stars denoted by the asterisks in Fig. 1 .
The distribution in the space E, L z and L xy of the selected set within 2 kpc of the Sun shows that our main kinematic clump and the stars of the stream identified by Helmi Helmi et al. (1999 Helmi et al. ( ). et al. (1999 have similar momenta but somewhat different energies (see Fig. 3 ). This could imply that these groups have different origins. However, it seems also plausible that these groups have been stripped off from the same progenitor in different passages.
Conclusions
We have found evidence of substructure in the motions of the fastest stars in the Solar neighborhood, at a level which seems to be consistent with that predicted by high resolution simulations of dark matter halos in a hierarchical universe.
The moving group identified may represent a subsample of a stellar stream spread out along the orbit of a disintegrated body, but the number of stars available is still too small for any definite conclusion.
In the inner halo, where most of the merger activity is expected to have taken place, currently available samples with accurate kinematics are still quite small. Space astrometric missions, such as GAIA, will collect samples of millions of stars with very precise positions and velocities which will dramatically improve the situation.
